et al. Tumour-secreted miR-9 promotes endothelial cell migration and angiogenesis by activating the JAK-STAT pathway. EMBO J 2012; 31:3513-23 Cell communication is mediated by direct contact between neighboring cells or by secreted factors. Soluble mediators such as cytokines or growth factors bind to receptors located on the surface of responsive cells to induce intracellular signaling pathways and gene transcription. This extracellular communication dictates the fate of target cells through the regulation of cell survival, proliferation and differentiation. Besides these normal functions, these signaling pathways play an essential role in cell transformation, tumor escape and drug resistance when they are deregulated.
Cell communication is mediated by direct contact between neighboring cells or by secreted factors. Soluble mediators such as cytokines or growth factors bind to receptors located on the surface of responsive cells to induce intracellular signaling pathways and gene transcription. This extracellular communication dictates the fate of target cells through the regulation of cell survival, proliferation and differentiation. Besides these normal functions, these signaling pathways play an essential role in cell transformation, tumor escape and drug resistance when they are deregulated. 1 Consequently, many of these are recognized as essential targets of cancer treatment, assuming that their
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David Lam, Benjamin Barré, Catherine Guette and Olivier Coqueret* Paul Papin ICO Cancer Center; Inserm U892; and Angers University; Angers, France inactivation induces cell cycle arrest or cell death of addicted cancer cells. This approach has proven its efficiency; for instance, monoclonal antibodies such as trastuzumab, cetuximab or bevacizumab are effective in breast and colorectal cancers through the inactivation of the VEGF and EGFR signaling pathways. [2] [3] [4] Considerable fundamental and clinical data strongly argue that the inactivation of circulating mediators involved in cancer cell survival is a major goal of cancer treatment. Although essential, this conceptual approach should not assume that soluble growth factors are the only pathway the cells use to communicate.
Recent results have shown that cell communication is also mediated by microvesicles which are produced by the cells to transmit information to their environment. 5 These microvesicles induce cell proliferation, differentiation or cell death probably to the same extent as classical soluble factors. Three types of vesicles have been defined, depending on their size and origin. Exosomes (30-100 nm) originate from intracellular endosomes, ectosomes (100 nM-1 μM) also known as shedding vesicles are produced from membrane blebbing and apoptotic bodies (> 1 μM) are released from dying cells. Considerable interest stems from the discovery that these vesicles contain RNA and DNA molecules as well as proteins that are functional when transferred to recipient cells. 6, 7 Hence, in addition to the classical interaction between soluble factors and membrane receptors, a direct information is transferred to distant cells by circulating vesicles that directly modify the content and behavior of target cells.
The mechanisms by which these vesicles are produced and how they focused on miR-9 and showed that its secretion promotes endothelial migration and favor tumor angiogenesis in vivo. The implantation of colorectal tumor cells in mice induced an increase in soluble miR-9 levels in the plasma and its inhibition by antagomirs resulted in tumor regression. Interestingly, the authors also found that miR-9 targets the SOCS5 gene in endothelial cells, resulting in the activation of the JAK1/2 kinase and of the STAT1 and STAT3 transcription factors. This result is important since the STAT3 oncogene is well known to play an important role in cell transformation or during chemotherapy escape but it also stimulates angiogenesis as a direct transcriptional activator of the VEGF gene. [15] [16] [17] To our knowledge, this activation of STAT3 by vesicles-derived miRNAs is rather new since this transcription factor is essentially known to be activated by cytokine or growth factors such as IL-6 or by oncogenic kinases such as the Src or JAK kinases. These results further describe the importance of secreted miRNAs in the communication between cancer cells and their neighboring cells. In addition to well-known growth factors present in the stroma, oncosomes appear as new secreted activators of the JAK-STAT pathway. These results also extend the importance of STAT3 regulation by miRNAs. Important results by the laboratory of Kevin Struhl have described an epigenetic switch that induces a constitutive activation of the STAT3 and NFκB oncogenes in cancer cells. 18, 19 At the very early step of cell transformation, NFκB activates the expression of several miRNAs that induce the production of IL-6. This results in the activation of an autocrine loop that maintains a constant activation of the STAT3 transcription factor. Since several miRNAs are induced by STAT3 and NFκB, it will be important to determine if some are also secreted and involved in this feedback loop. A cooperative activity of secreted miRNAs and IL-6 could reactivate STAT3 and NFκB, maintain the oncogenic activation within tumor cells and induce a constant angiogenic switch in endothelial cells (Fig. 1) . If this hypothesis is true, this means that soluble factors and miRNAs might also cooperate to induce an abnormal activation of STAT3 named "oncosomes" by the authors). Besides its mutated form, the wild-type EGFR receptor has also been detected in exosomes produced by cancer cell lines. Importantly, when normal endothelial cells were incubated with these EGFRexpressing vesicles, the receptor became detectable on their surface. This transfer then leads to a new and active pathway in recipient cells where VEGF and angiogenic activities are upregulated. Consequently, the authors have proposed that the production of EGFR-expressing oncosomes from tumor cells acts as angiogenic stimuli for neighboring endothelial cells. This relation was already known but expected to rely essentially on the production of VEGF or soluble angiogenic factors.
In addition to DNA sequences and proteins, recent results have shown that miRNAs are also packaged within microvesicles and transferred to recipient cells to modify their behavior. Associated with the Argonaute-2 (AGO-2) protein, they form a stable and protected complex 12 within a circulating microvesicle. For instance, miRNAs produced by endothelial cells control the fate of smooth muscle cells. 13 In producing cells, the KLF2 transcription factor activates miR-143/145 which are then packaged in microvesicles and transferred to muscle cells where they control gene expression and cell fate. Recent work performed by the laboratory of N. Ferrara has extended this initial observation to the JAK-STAT field.
14 Using coculture assays, they have shown that tumor cells induce the upregulation of several miRNAs in endothelial cells. This ability to induce miRNA production was restricted to transformed cells since normal melanocytes or fibroblasts did not modify the target cells. This effect was also not mediated by soluble factors classically secreted by cancer cells such as VEGF, bFGF, TNFa, HGF or PDGF or angiopoietin-1. Surprisingly, Drosha knockdown in cancer cells prevented miRNA induction, indicating that the vast majority of the miRNAs detected in endothelial cells were produced in tumor cells. Accordingly, the authors found that these cells produced oncosomes that are internalized within endothelial cells to deliver the corresponding miRNAs. The authors recognize and activate recipient cells are poorly understood. Their biological effect seems to depend on the cell of origin, for instance microvesicles produced from dendritic cells can regulate T cell activation whereas those produced from cancer cells affect tumor growth, angiogenesis and metastasis. This suggests that RNA, DNA or proteins are selectively packaged into microvesicles to allow the transmission of specific signals to target cells. In line with this hypothesis, fascinating results have recently detected elevated levels of Myc RNA and DNA sequences in vesicles isolated from medulloblastoma and in the serum of tumor-bearing mice. 8 Medulloblastoma is a common tumor in children which presents a frequent amplification of c-Myc. These observations lead to the essential hypothesis that oncogenic sequences can be transferred by microvesicles and that a transforming activity can be transferred from a tumor cell to a less tranformed cell in the microenvironment. Since Myc is well known to induce genomic instability and the production of micronuclei, 9 the transfer of these sequences might be the result of sustained DNA damage and mitotic catastrophy. 10 If a transforming activity is effectively transferred by vesicles, it will be important to determine if receptors present on the surface of oncogenic exosomes induce the targeting of specific cells in the microenvironment. This also means that microvesicles, and the pathways that allow their generation, should be considered as new therapeutic targets.
Besides nucleic sequences, microvesicles can also directly transfer functional oncogenes as demonstrated with the VIII mutant form of the EGFR receptor. 11 In glioblastoma cells expressing this mutant receptor, exosomes production increased significantly as compared with normal cells. These vesicles contain and transfer the mutated receptor in recipient cells that normally do not express it. This transferred oncogene is functional since its presence induced a significant increase in Erk and Akt phosphorylations in recipient cells. Most importantly, these cells then grow more efficiently in soft agar, indicating that they have acquired enhanced transformation capacities through exosomes uptake (which in this case were in neighboring cells. As stated above, it is tempting to speculate that this would modify the tumor microenvironment to allow tumor progression, eventually favor the transformation of less transformed cells or allow tumor escape in response to chemotherapy. 15, 17, 20, 21 From all these results, it appears that microvesicles and miRNAs should be considered as new secreted activators of the STAT3 pathway and more generally as important mediators of the communication between tumor cells and their microenvironment. Besides growth factors and receptors inactivation, this signaling pathway represents new opportunities for innovative cancer treatments. growth factors produced by cancer cells are well known to enhance cell survival and abnormal proliferation. These soluble factors modify the microenvironment to favor tumor escape, for instance by the activation of endothelial cells and through the upregulation of angiogenic activities. Besides these secreted factors, it appears that microvesicles that contain mirnAs are also produced by cancer cells, to modify the microenvironment and probably to allow tumor progression. recent studies have demonstrated the importance of the STAT3-nFκB pathway in the establishment of autocrine survival loop mediated by secreted factors. it will be important to determine if these secreted mirnAs are also involved in the constitutive activation of oncogenic pathways.
